Abstract. A simulation model for forecasting the development of crop yields is built in the article. A parabolic function is applied to represent the fertilizer effect on yields. The biological-technological development is taken into account by including the time factor into the yield function. The parameters of the functions arc estimated from the data obtained from field experiments.
Introduction
Many factors affect the evolution of crop yields. Plant breeding, new varieties, the use of fertilizers and other chemicals increases, the cultivation technology improves, etc. As a result of all these factors per hectare yields have risen by I-2 per cent per year. Some forecasts of future development indicate that the development will continue as hitherto. These forecasts arc, however, based on the assumption of a normal or uniform development, e.g. that the use of fertilizers will grow.
The rise of the price of energy has upset the law of continuity mentioned above.
It is possible that the rise in the price of fertilizers, which need a lot of energy, will lower the use of fertilizers so that the yields will fall too. The situation is confused in the growing economy; development seems to turn backwards. So far, however, this is only speculation, of which there is no evidence as yet.
In this article a simulation model is presented which can be applied in studying the effect of some factors on yields on the basis of various assumptions. The yield model is a part of the Finnish food and agriculture model, which is intended for forecasting the agricultural development (KETTUNEN 1980) . Fertilizers are only one factor affecting agricultural production, even though it is one of the most important factors. General economic and technological development does, unavoidably, also effect agriculture. We should be prepared for the challenges of the future but we do not know the future or the line of development. Hopefully, simulation methods will shed some light on the issue. The model is thus very flexible for simulation. There are no fertilizer experiments for some products and so we have to apply a linear function for forecasting. In some cases (like potatoes) the evolution of yields depends on other factors than fertilization, e.g. on the improvement of seeds. The use of fertilizers has to be omitted in these cases (fruits, potatoes, vegetables) and only the function 2.5. is applied. The models are applied for forecasting as follows. The model user may select the annual growth rate of fertilizer price. The rises in fertilization costs are compensated to the farmers by raising the producer prices accordingly (fertilization costs are about 10 per cent of the producer prices). The simulation model then calculates the optimum use of fertilizer and finally the yield level from the yield functions.
Discussion of the forecasting model
The readers as well as the authors of this paper may criticize the model derived. The first point is the assumption of the optimal use of fertilizers in the base year. The alternative assumption which was considered was that the fertilization is not optimal but would be approached in time. In that case we should have had to solve how far the whole country was from the optimum and at what pace the optimum would be approached, and the problem would not have been any easier to solve. In fact, it may be argued that the practical optimum is lower than the purely computational optimum. In addition, there are always farmers who use fertilizers less than the optimum. In any case, there will always be uncertainties which have to be accepted irrespective of the conclusion made. The principle of determining the optimal use of fertilizer is, however, a reliable and sound basis for long term forecasts. If better estimates of parameters are obtained later, they can be easily included into the model.
The models give the following forecasts. If price relations stay constant, the yield of bread grains will rise by about 0.8 per cent per year and it will be 3050 kg per ha in 1990. The yield of feedstuffs will also grow by 0 
